A series of 1,3-dipolar cychadditions of mttnchmea with acetylenic dipolaropbiles was studied, wherein factors related to regiosektivity were investigated. Tbe results from mUncbnones with electronically divergent tbioaryl substituents compared with othe.rs beating alkyl substituents suggest that an unsymmetrical transition state structure, fathex than FM0 perturbation, plays a significant role in regioselection. If eclipsing interactions preclude a bigbly ansymmetrical transition state, bowever, then minimizing steric interactions becomes important. A pair of complementarily substituted mttnclmones, difkriug only in the position of isotopic labels, estabtisbes an inherently symmeJrical electronic natme of the mesoionic betercqcle.
INTRODUCTION
Some 1,3-dipolar cycloaddition reactions have limited synthetic utility because of their unpredictable and/or low regioselectivities. The many productive applications of this cycloaddition chemistry continue to spur interest in (a) , defining the contributing factors that influence the distribution of products1 and (b) , creating tegiochemical and stemochemical control elements that can incm the predictability and selectivity of the reactions.2 Historically, outside of intermolecular complexation (such as hydrogen bonding), or intramolecular tethering of the reacting partners, the regioselectivities observed in 13-dipolar cycloaddition reactions have been rationalized by FM0 interactions.3 In the past few years, the role of non-covalent interactions has been inchuled in these analyses. Huisgen has summatized these effects as they pertain to some experimental observationsP Sustmann has explicitly incorporated a partitioned contribution from covalent and non-covalent interactions into a computational model. 5 Improving models for analyzing transition state structures, especially in conjunction with experimental observations, may create ways to evaluate the balance of many contributing factors for a given cycloaddition reaction. This is important for reactions where asynchronous bond formations and high dipolar character conflict with the usual assumptions about transition state structure.6
The 1,Zdipolar cycloaddition reactions of mesoionic compounds have eluded an even loosely unified theory to account for observed regioselectivities. 7 As part of an investigation into methods that may be used to control the cycloaddition regioselectivity of these compounds, we have re-examined factors to which the observed tegioselectivities have been attributed. We have prepared a set of molecules where we have attempted to isolate the electronic distributing @MO) and non-covalent effects of substituents. We have found evidence that the degree of symmetry in the transition state structure may be highly related to the steric interactions between dipole/dipolarophile substituents, and plays a mote significant role in tegioselection than PM0 effects.
The results from a set of compounds with isotopically labeled substituents provides the most direct evidence to date that there is no inherent electronic bias contributed by the mesoionic heterocycle.
Because of the ready availability and variety of substituted amino acid precursors, we selected the mesoionic 1,3-oxazolium-Solates (mtinchnones) 2 (eq. 1) to further study the factors influencing the regioselectivity of cycloaddition reactions with acetylenic dipolarophiles. Generally, munchnones are not isolated, but are generated in situ by the cyclodehydration of secondary N-acylamino acids 1 in the presence of a dipolarophile. The cycloaddition reactions with acetylenic dipolarophiles efficiently give pyrroles 3 and 4 after a decarboxylative cycloteversion, which also occurs under the reaction conditions.
Huisgen,g Padwa.9 and others lo have studied mtinchnone cycloaddition reactions in some detail.
Mechanistic experiments performed with mlinchnones imply that the observed product distributions are the result of kinetic control.ll Many of these investigations have concluded that the substituents on the mesoionic heterocycle are the dominant influence on the PM0 electronic distribution, and therefore the regioselectivity.
On the other hand, results consistent with the apparent electronic effect of the heterocycle itself are also hnown.gcv 12 The reaction of an unsymmetrically substituted monocyclic munchnone with methyl propiolate is the archetypical example of a cycloaddition that gives rise to a mixtute of pyrrole regioisomers. In the case where one of the substituents is a hydrogen atom, there is a very consistent trend to produce the 3-pyrrolecarboxylate isomer (eq. 2) as the major product. l3 The product distribution of regioisomers is
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CH3 generally in about a 3-to-4: 1 ratio favoring this isomer, regardless of the original position of the hydrogen atom substituent (RI or R2 in 1, see eq. 2). There are a few examples that are noteworthy exceptions to this generalization. First, the hydrogenkrifluoromethyl-substituted miinchnone gives the opposite sense of regioselectivity (eq. 3).g Second, polycyclic mhnchnones derived, for example, from N-acylproline and Nacyl(homoproline) give the bicyclic products shown in eq. 4 with very high regioselectivity.14 Even here, however, a substituent with a strong charge stabilizing effect counteracts this genemlixation.1~ There are many examples of 1,3dipolar cycloadditions that am consistent with the formation of the mote crowded adduct as the major isomer, as in eq. 2: the addition of some non-stabilized azomethine ylidsl6 to methyl propiolate, the analogous carbonyl ylids,l7 isomtinchnones,lg and azomethine imines.lg prepated the two N-acylamino acids la-b21 (eq. 5) that yield a pair of tegioisomeric munchnones 2a-b under the cyclodehydration reaction conditions. The same regioisomeric distributions of pyrroles, (3a=4b):(3b=4a), were observed. This result is consistent with those observed for the other reported cases of regioisomeric mtinchnone pairs (see Table VI ).
The series of N-acyl-cl-(arylthio)amino acids lc-f was prepared by the amidoalkylation22 reaction of arylthiols with N-formyl-N-methyl-a-hydroxyglycine. The ratios of mgioisomeric pyrroles resulting from the cycloaddition of the derived munchnone with methyl propiolate were determined.23 These results are summarized in Table I . As noted earlier, the major regioisomer in each case is the 2-substituted pyrrole-3-carboxylate. There are two interesting features in this series of experiments that contrast with the typical behavior observed in Diels-Alder reactions. 24 First, the electronically divergent series of arylthio substituents in lc-f, which demonstrated successful regiocontrol as part of Diels-Alder dienes, do not dramatically affect the regioselectivities observed in the mtinchnone cycloadditions. Second, the regioselectivities of the arylthiosubstituted mtinchnone reactions, taken together, are the same as both of the benzyl-substituted mtinchnones derived from la and lb. The MNDO-derived ccefticients and charges do not help to clarify this picture. A HOMOdttx,te control assumption is commonly used for cycloaddition reactions with electron-poor dipolarophiles.25 The reactivity profile of miinchnones with various dipolarophiles is consistent with Sustmann's Type I classification25c (HOMOmte-LUMOe~,,,tar+ne control). The tesults from MNDO calculations26 on the mtinchnones Za-f
imply that the regiochemistry should be dominated by the higher coefficient (c) and charge density (q) on the carbonyl substituted C-4 terminus. This is only consistent with the results from example 2b, where the nonhydrogen substituent is at C-2. A number of different interaction energy terms have been used to qualitatively correlate regioselectivity differences. 3b The AEct (charge transfer interaction) and AEel (electrostatic interaction) have both been used with MINDO-derived data for mtinchnone systems.9 The Type II behavior of two energetically comparable FM0 interactions has also been suggested,27 particularly in evaluating the AEct ratio as an index for regiochemical prediction. The MNDO-derived FM0 data and the AE,t ratios for compounds la-f are given in Tables II and III , respectively. The similarity of the AE,t ratios is comforting from the perspective that the observed regioselectivities were roughly the same for all six cases. However,the A&, values are all just slightly greater than unity, which predicts only a small regioselectivity in favor of the same orientation predicted by the HOMOrtlWte control assumption, which is not observed except for 2b.
Values of 1.25 and 2.37 were calculated in the cases of a mbnchnone and a sydnone, respectively, when modeling teactions that gave 7525 regioisometic ratios. 9 The relatively narmw HOMO/WMO gaps calculated for all six of these dipoles lie within the HOMO/LUMO gap calculated for the dipolarophile. Both of the FM0 interactions taken together (Type II assumption, as used in the A&t calculation) must result in no significant regioselection based on substituent perturbation. The previously cited WluoromethyYhydrogen-substituted miinchnone (eq. 3) stands as the single example that contradicts this generalization. In this case, the electronic perturbation due to the C-2 trifluoromethyl substituent might be strong enough to close one of the FM0 gaps into dominance. The results from the regioisomeric pairs of milnchnones (such as 2a and 2b) arc the most convincing evidence favoring substituent control in the regioselectivity of the cycloaddition reactions. The nature of the substituent effect is an open question, however. Furthermore, there are cases where analogous pairs of miinchnones give products which reflect a complete insensitivity to the placement of exocyclic substituents.8.c*12 Given the general lack of sensitivity to electronic perturbation observed with the arylthio substituents, both within the series and relative to the benzyl-substituted compounds, it is tempting to view these manchnones as a class of sterically similar compounds. The contrathermodynamic selection of the more crowded pyrrole isomer might allow an insight into the transition state structure of the kinetically controlled cycloaddition reactions. We propose that an unsymmetrical transition state is favored in the case where one of the munchnone's dipolar termini bears a hydrogen atom. This transition state has advanced bond formation between the hydrogen-substituted terminus of the dipole and the sterically less demanding g-carbon of methyl propiolate, which represents a high Michael-like character in the initial bond-forming process (Rig. I).28
Such a criterion may be especially significant for acetylenic dipolarophiles because the mtinchnone's substituents are expected to eclipse those of the dipolarophile during the cycloaddition reaction. The Nature of the Mesoionic Heterocycle. The inherent bias of the mesoionic heterocycle has never been unequivocably established for any substituent The inference from regioisomeric munchnone pairs such as 2a and 2b is that there is an insignificant tegiochemical contribution due to the unsymmetrical nature of the oxazolium ring, and that selectivity is dominated by a substituent effect. Padwalo has reported the single example which is a direct comparison between an identically substituted munchnone (a stabilized azomethine ylid) with respect to its non-stabilized azomethine ylid counterpart. In this case, the regioselectivities observed with methyl propiolate were the same, implying no additional effect due to the mesoionic ring. Unfortunately, them am a limited number of examples of mtinchnone cycloadditions with unsymmetrical dipolarophiles where the electronic effects of the different substituents RI and R2 (in 2) are predicted to be equal. In the handful of cases where both RI and R2 are alkyl groups, regioselectivities ranging from high to none have been reported.29 In the case of identical substituents RI=R2, the regiochemical information with respect to the original heterocycle is lost since decarboxylation from both of the non-isolable30 bicyclic intermediates gives the same pyrrole isomer (3=4).
We have prepared a pair of regioisomeric dipoles that differ only by the position of isotopic labels in order to establish the inherent electronic bias of the mtinchnone heterocycle. The synthesis of two 13C-labeled N-acylamino acid3l munchnone precursors lg and lb is outlined in the Scheme.32 Under the standard cycloaddition conditions, these precursors generate a pair of milnchnones differentiated only by the position of the isotopically enriched methyl group (2g: RI = kH3, R2 = 13CH3 and vice versa, 2h).
Methyl propiolate was once again used as the dipolarophile in the cycloadditions reactions. The RI= R2= 12cH3 pyrrole, 3i=4i, derived from N-acetyl-N_methylalanine,33 served as the spectroscopic reference compound. In both cases, isomeric ratios could be easily determined by lo-and 13C-NMR analyses of the crude reaction mixtures.34 The results of the cycloaddition experiments are summarized in Table IV . The slight tegioselectivity observed from both of the 13C-labeled isomers suggests that only a small inherent bias. Scheme.
Synthesis of Isotopically Labelled Amido Acids
at best, can be attributed to the mesoionic heterocycle. This observed bias is consistent with all of the previously calculated AE,t ratios for 2a-f, as well as the HOMO . d,ple-control assumption, in which the carbonyl-substituted terminus of the munchnone is predicted to be more electron-rich, thereby showing a regioselectivity in favor of the electron-deficient g-carbon of methyl propiolate. The AEct ratio calculated for 2i
(the symmetrical RI=R2=12CH3 munchnone) is 1.08. While the quantitative significance of this number is difficult to ascribe, the index is consistent with the observed low regioselectivity. We conclude that the AEct Table V . There is a remarkable difference between the product distribution observed from the cycloaddition with methyl propiolate (entry 1) and that of methyl 2-butynoate (entry 2) in spite of the fact that the individual FM0 characteristics for these two dipolatophiles are quite similar. Further modification by exchanging the &methyl group for a &phenyl group as in methyl phenylpropiolate35 (entry 3) leads to the cycloadduct A with no evidence of the other regioisomer detectable by either spectroscopic or analytical HPLC methods. In these three cases, as is indeed true for all of the others reported so far, an unsymmetrical transition state where advanced bond formation favors the joining of the two least encumbered reacting termini can be used to predict the major regioisomer. The trend in A-values36 for the substituents on the dipolarophile is consistent with the trend in Table V [ Ph (2.9) > CH3 (1.71) > CO2CH3
(1.27-1.31) > H 1. 
R=CH, R=Ph
In the second series of cycloaddition reactions, the mgioselectivities exhibited by a series of alkyl/alkyl substituted mtinchnones were compared to some alkyYhydrogen compounds.
The results of these cycloaddition reactions with methyl propiolate are presented in Table VI (entries l-6),37 along with four pertinent examples from earlier work in this report (entries 7,s. 18, 19) and from the literature, including aryyhydrogen and aryl/alkyl substituted munchnones (entries 9-17).9-IOa In those cases whem one of the 47 mtinchnone substituents is a hydrogen atom, there is a consistent trend to produce the 3-pyrrolecarboxylate isomer as the major product. This is true for the hydrogetialkyl pairs (entries 1,2,6, 7,8,9, lo), hydrogen/thioaryl pairs (see Table I ), and hydrogetiaryl pairs (entries 12 and 13). As mentioned before, the hydrogen/trifluoromethyl methyl example (entry 11) stands as the lone exception. In the examples of alkyl/alkyl pairs (entries 3,4,5,17-19), an opposite sort of selectivity is observed. Using the methyl/methyl case (entries M-19) as the starting point, the methyl/ethyl pair (entry 5) and the methyl/isopropyl pair (entries 3 and 4) show a consistent trend to form the less crowded isomer as the major product to an increasing extent.
Here, where one of the munchnone substituents is not a hydrogen atom, we propose that a more synchronous set of bond formations is required relative to the hydrogen/alkyl compounds (see Figure 1) . Without a dominant FM0 interaction to guide the regioselectivity, the favored transition state is simply the one that has the lower set of non-covalent interactions when considering both pairs of termini combining in a symmetrical fashion. The number of aryYalky1 examples is too limited to make a generalization (entries 14,15, and 16).
and there is some inconsistency in those reported mgioisomeric ratios (entries 15 and 16).
We have not included any further discussion thus far about mUnchnones that are part of bicyclic ring systems, which exhibit completely tegioselective cycloaddition reactions with methyl propiolate (see eq. 4).
The cycloaddition reactions with the munchnones l4 derived from N-formylproline and N-formyl(homoproline) can be viewed as hydrogen/alkyl cases where the allcyl substituent is intramolecularly tethered back to the central nitrogen atom (eq. 4.). The mgioselectivities with methyl propiolate cycloadditions completely favor the isomer where the two hydrogen atom termini end up bonded in the pyrrole ring of the product. In the Nacetylproline and N-acetyl(homoproline) experiments reported by the same authors, which may be viewed as alkyl/alkyl cases where one of the chains is tethered back, the selectively is complete, and in the same sense as the N-formyl derivatives. We consider these examples (especially the latter, when compared with the allcyYalky1 examples in Table VI) of major isomer 4b) and 14.8 (formation of minor isomer 3b). The results from these calculations are consistent with the picture we predicted from the experimental work. In the case of the orientation leading to the observed major product 4b, a highly asynchronous cycloaddition with a Michael-like character results. In this case, the 'nucleophilic' terminus of the mtinchnone is the one with the hydrogen substituent. In the case of the orientation leading to the observed minor product 3b, a more synchronous cycloaddition reminiscent of the prediction for the alkyYalky1 cases results. This transition state is also calculated to have a higher energy than the one depicted for the major tegioisomer. Supporting evidence for an unsymmetrical transition state structure can be found in the theoretical analysis of Qua&s stepwise azide reaction,6 where the calculated bond distances (3.llA and 1.97A) am comparable to ours. In related work,38 we have proposed that a transition state with a high Michael-like character is also required to explain the regioselectivity derived from a set of polycyclic compounds.
CONCLUSION
No single criterion can successfully be used to correlate the experimental observations regarding the regioselectivity in mlinchnone cycloaddition reactions. As others in this area have concluded, both the steric and electronic properties of the mtinchnone substituents must be considered. However, the FM0 contribution appears to be minimally responsible in the cases investigated here. These examples also suggest the importance of considering the molecular flexibility towards a favorable, unsymmetrical transition state, As Houk has stated, the lack of information directly related to the 1,3-dipolar cycloaddition transition state is an enormous hindrance to a mom complete understanding of the process.4f)
By creating a better model for correlating the factors responsible for the regioselectivity, the construction of more predictable regiocontrol elements is possible. Additional investigations along these lines are currently in progress, and they will reported in due course.
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We thank the National Science Foundation for their generous support of the thioaryl-substituted munchnone work, and the University of Michigan Chemistry Department for their continued support of our program. We thank the Wisconsin Alumni Research Fund for the Graduate Fellowship for BPC (1978) (1979) (1980) N-Methyl-N-(phenylacetyl)glycine (lb) 21b: To a stirred, room temperature solution of Nmethylglycine (4.5 g, 51 mmol) in chloroform (50 mL) and tetrahydrofuran (10 mL) was added trimethylchlorosilane (5.53 g, 6.5 mL, 51 mmol) The resulting solution was stirred for 3 hr at 65oC, then cooled to -1oOC. To this cooled solution was added phenylacetyl chloride (7.87 g, 51 mmol) followed by dropwise addition of triethylamine (10.3 g, 14.2 mL, 0.102 mol). Stirring was continued at -1ooC for 30 min, after which time the mixture was poured into a separatory funnel containing 10 mL of 10% aqueous hydrochloric acid. The organic layer was washed with 3 x 10 mL of 10% aqueous hydrochloric acid, 1 x 10 mL of water, separated and dried (MgSO4 (30) 175 (20) 163 (45) 146 (20). 128 (50). 97 (PO); exact mass calculated for CttHt3N@: 207.0892; found: 207.0889.
a-Hydroxy-N-formyl-N-methylglyclne (lj):
A solution of glyoxylic acid monohydrate (3.32 g, 36 mmol) and N-methyl formamide (2.13 g, 35 mmol) was tefluxed for 24 h in 70 mL of acetone. After cooling the mixture to room temperature, the solvent was evaporated to yield 4.7 g (97%) of the title compound as a waxy solid. While the product was generally used directly in the amidoalkylation reactions, a sample was recrystallized from chloroform/dioxane to give white needles, mp. General Procedure for Amidoalkylations A: To a stirred, 0°C 1 M suspension of a-hydroxy-N-acyl-Nalkylglycine in glacial acetic acid was added 4 equivalents of the thiol to be amidoalkylated. To this stirred suspension was added, dropwise, concentrated sulfuric acid (1 mL for every 10 mL of suspension). The resulting mixture was generally homogeneous within 12 h after stining at room temperature. After an additional 1.5 days, the reaction mixture was poured into 70 g of ice. The organic products were extracted with 4 x 20 mL of ethyl acetate. The organic solution was then washed with 2 x 50 mL of water, followed by extraction with 5 x 30 mL of 5% aqueous sodium bicarbonate. The combined aqueous extracts were washed with 3 x 30 mL of ether, acidified with concentrated hydrochloric acid, and extracted with 4 x 20 mL of ethyl acetate. The organic extracts were combined, dried (MgS04) and evaporated to yield the amidoalkylated products as white solids; recrystallization could be effected with chloroform/ether or ethyl acetate/hexane mixtures, although the products were generally of sufficient purity to utilize directly.
General Procedure for Amidoalkylations B:
To a stirred, 0.3 M solution of the appropriate glycine derivative in 1,Zdichloroethane was added 1 equivalent of the thiol to be amidoalkylated, followed by 50-100 mg of @-naphthalenesulfonic acid. The resulting solution was heated at 90°C for 48 hr. After cooling to room temperature, the reaction mixture was washed with 3 x 25 mL of water, dried (MgSO4) and evaporated to yield off-white to yellow solids which could be purified as described in Procedure A. 
General Procedure for Cycfoaddition reactions with acetylenic dipol~ophil~.
All of the cycloaddition reactions of precursors la-i with methyl propiolate, methyl 2butynoate or methyl phenylpropiolate were performed as follows: To a 0.5 M mixture of amidoacid (3-10 mmol scale) in acetic anhydride was added a 5 molar excess of the dipolarophile. The resulting suspension was heated to 550; soiution generally occurred within 5 to 10 minutes. After stirring for 24 h at 55T, solvents and excess dipolarophile were removed via distillation at reduced pressure (0.01-0.1 mm Hg). The material thereby obtained was directly subjected to analytical HPLC and NMR at~alyses.~~ The pyrrole mgio~omers were generally inseparable by preparative thin layer chromatographic techniques. Yields of pyrrole products were consistently good to excellent on all reaction scales. -1-methyl-3. and 4-pyrrotecarboxylate (3a=46 and 4a=3b) Compound lga was prepared by a modification of the procedure of Pate1 and PriceP* To a stirred, 0" C mixture of N-methylalanine (2.88 g, 28 mmol) in benzyl alcohol (50 mL) was added, dropwise, thionyl chloride (12 mL, 19.87 g, 167 mmol). The solution was stirred for 7 h at 95'-100" C. After cooling the solution to room temperature, ether was added to the solution until turbidity appeared. The mixture was refrigerated for 30 minutes and then filtered to give 4.78 g (88%) of the crude product as a fine white solid, m.p. 140°-150" C. The crude product (4.66 g) was dissolved in 50 mL of water. Solid sodium carbonate was added until pH 9. The aqueous mixture was extracted with ether (3 x 30 mL) and the combined organic layers dried (MgS04). After filtration and dilution with ether to a volume of 150 mL, the solution was saturated with HCl gas and refrigerated for 30 minutes. of lga (0.733 g, 3 .20 mmol) in ethyl acetate (25 mL) was added triethylamine (1.30 mL, 9.29 mmol). The organic layer was extracted with saturated, aqueous sodium chloride (3 x 25 mL), and dried (Na2S04). The solution was filtered and solvents removed in vacua to give the lgb i a light yelkw oil. A small-amount of methylene chloride (ca. 5 mL) was immediately added to the product. The methylene chloride solution was drawn into a syringe and equally distributed (by volume) into two flasks, one for the &-acetylation control reaction and one for the *3C-acetylation reaction (.309 g, 1.60 mmol of amino ester per reaction) used to prepare lge. N-2-13C-Acetyl-N-methyialanine, benzyl ester (lgc): To a stirred solution of dicyclohexylcarbodiimide (0.463 g, 12.25 mmol) in methylene chloride (12 mL) was added, dropwise, a solution of acetic acid (acetic-2-L3C acid, 0.092 g, 1.53 mmol) in methylene chloride (2 mL) over 15 minutes. Dicyclohexylurea formed as a white precipitate witbin 5 minutes after the beginning of the addition. After the mixture was stirred for 1.5 h, a 15 mL portion of pentane was added The mixtum was cooled to 0" C and filtered. The filtrate was immediately added to the previously-prepared solution of lgb that had been reserved for L3C-acetylation. Dicyclohexylurea again precipitated within 15 minutes after mixing. The mixture was stirred for 24 h, after which a 10 mL portion of pentane was added. The mixture was cooled to 0' C and filtered. Evaporation of the solvents gave 0.497 (138%) of a light yellow oil. The crude product was dissolved in l-2 mL ethyl acetate, run through a filter pipet (silica gel) to remove a small amount of insoluble impurities. 
Methyl t-benzyi

(100). 109 (26). 108 (30). 93 (41). 68 (36). 58 (56). 57 (28). 56 (35)
. 53 (9) . 42 (37); calculated exacl mass for Cg13CH13N02: 168.0980, found: 168.0976.
N-Benzyloxycarbonyl-2-lk-alanine (lha):
To a solution of 2-l3C-alanine (0.3OOg 3.33 mmol) in 4M NaOH (0.850 mL) was added, in five portions of 0.160 mL each, a total of 0.800 mL benzyl chloroformate (0.85Og, 5.00 mmol) over a period of 1 hr. The reaction mixture was kept at O'C throughout the addition period. An additional 0.200 mL portion of benzyl chloroformate was added at the end of the addition period, and the mixture was stirred at room temperature for 35 minutes. The pH of the aqueous mixture was adjusted to 10.0 with 2N NaOH, and the mixture was washed once with ether to remove unreacted benzyl chloroformate. The aqueous layer was then acidified to pH < 2.0 with 3M HCl. The turbid solution was extracted with ethyl acetate (3 x 15 mL). The combined organic layers were dried (MgS04). filtered, and solvents were removed in vac~. The oily residue was crystallized from ethyl acetatiexanes, to give 0.57Og ( mmol) in THF (7 mL) was added iodomethane (1.20 mL, 19.3 mmol). Sodium hydride (0.45Og, 50% dispersion in mineral oil, 9.38 mmol, rinsed with dry pentane) was added slowly to the mixture. The mixture was stirred at room temperaturn for 24 hours. The mixture was diluted with ethyl acetate (6 mL), and water (10 mL) was added to consume any remaining sodium hydride. The organic layer was separated, and the aqueous layer was extracted once with ether (10 mL) to remove any remaining iodomethane. The ether layer was separated and washed with saturated aqueous sodium bicarbonate. The combine aqueous layers were acidified to pH < 2.0 with 3.OM HCI. The mixture was extracted with ethyl acetate (3 x 15 mL). The combined organic layers were washed once with 10 mL of 5% aqueous sodium thiosulfate and twice with 10 mL of water. The organic layer was then dried (MgSO4) and filtered. Solvents were removed under reduced pressure giving the crude product as a colorless oil (0.507g, 98%). The crude material was used in the subsequent hydrogenolysis step without further purification. IR ( 
N-Methyl-2-lkalanine (lhc):
To a solution of lhb (0.5OOg. 2.10 mmol) in methanol (10 mL) was added glacial acetic acid (1.0 mL) and 10% palladium on activated carbon (O.OSOg). The mixture was stirred 9 hr at room temperature under a positive atmosphere of hydrogen gas. The mixture was filtered, and the solids were tinsed with methanol. Methanol and acetic acid were removed in vacua The oily residue was crystallized from methanol/acetic acid/acetone, to give 0.132g (61%) of a colorless solid. IR (KBr): 3500-2400 (b) . 1584 (vs), 1394 (s), 1351 (s) cm-l; lH-NMR (D20, 360 MHz): 63.48 (q, J=7 Hz, lH), 2.55 (s. 3H). 1.35 (dd, J = 129,7 Hz, 3H); MS (m/e, %): 104 (3). 87 (3). 59 (lOO), 57 (17) 45 (12), 42 (15); exact mass calculated for C313CHgN02: 104.0667; found: 104.0670.
N-Acetyl-N-methyl-2-lkalanine (lh):
To a stirred, room temperature solution of lhc (0.102g. 0.961 mmol) in 2M NaOH (1.3 mL) was added acetic anhydride (0.2928, 0.270 mL. 2.86 mmol). The mixture stirred at toom temperature for 2.25 hours. After cooling the solution to 0°C. the pH was adjusted to < 2 with 3M HCI. The solution was extracted ethyl acetate (3xl5mL). and the combined organic layers were dried (MgS04) and filtered. Solvents were removed under reduced pressure, and the oily residue solidified on standing. The solid material was recrystallized from ethyl acetate/hexanes, giving lh (0.048g. 33.5%) as a colorless solid, m.p. 92-94 "C. IR (KBr): 3400-2500 (h). 1730 (vs), 1602 (vs). 1214 (s) cm-l; lH-NMR (CDC13. 360 MHz, as rotamers, major:minor* ca. 6:l): 65.14. 4.53* (q, J=7 Hz; q*, J=7 Hz; lH), 2.96, 2.80* (s; s*; 3H), 2.18 (s, 3H), 1.43, 1.51* (dd, J=130, 7 Hz; dd*, J=130, 7 Hz; 3H); MS (m/e, %): 146 (7) 101 (43), 88 (4). 86 (0.3). 59 (lOO), 57 (15). 45 (6), 43 (29); exact mass calculated for C513CHl lNO3: 146.0772; found: 146.0771. 168.0980;found: 168.0976.
N-Ace@-N-methylalanine (li):
To a solution of N-methylalanine (1.51g. 14.5 mmol) in 2M NaOH (8.7 mL) was added acetic anhydride (4.16 mL, 4.49 g, 44.0 mmol). The mixture was stirred at 50°C for 1.5 hr. after which time TLC showed no remaining N-metbylalanine (6040 CH3CN/NH40Ac, Ninhydrin, Rfr0.50). The mixture was cooled on an ice bath and acidified to pH < 2 with 6N H2SO4. The aqueous solution was extracted ethyl acetate (3xl5mL). The combined organic layers were dried (MgSO4). filtered, and evaporated under reduced pressure. The oily residue was dried in vmuo, giving a colorless solid. The solid was recrystallized from ethyl acetate/hexanes giving 1.27g (66%) (Table IV, entry 3): Reaction of Id (297 mg, 1.3 mmol) with methyl phenylpropiolate (0.21 g, 1.3 mmol) under the cycloaddition conditions gave 400 mg (94%) of a single regioisomer. The product was chromatographed (preparative TLC; 1:3 EtOAc:hexane) to give 340 mg (80%) of the title compound, mp. 163-6oC, IR (CDC13): 2965 , 1705 , 1520 , 1440 , 1270 , 1190 , 1135 1 H-NMR (CDCl3) : 63.47 (3H, s), 3.65 (3H, s), 6.87-7.27 (lOH, m) (Table VI, entry 2) : To a stirred, 0°C solution of N-methylglycine (0.891g, 10.0 mmol) in 2M NaOH (5.00 mL) was added, simultaneously, in five equal portions over 30 minutes, isobutyric anhydride (1.70 mL, 1.62 g. 10.26 mmol) and diisopropylethylamine (1.79 mL, 1.33 g, 10.26 mmol). The solution was wanned to 40°C for 3 hr. The mixture was then cooled on an ice bath, and the pH was brought to e 2.0 with 6N H2SO4. The aqueous solution was extracted ethyl acetate (3x15 mL). The combined organic layers were dried (MgSO4). filtered, and evaporated under reduced pressure. The oily residue was dried in vacua, and excess isobutyric acid was removed by azeotropic distillation in vacua with toluene. The solid residue was recrystallized from hot ethyl acetatiexanes, giving the product as a colorless solid (1.29g, 81%). m.p. 108 -109°C. IR (KBr): 3000-2800 (b), 1758 (vs), 1736 (vs), 1609 (vs), 1500 (vs), 1425 (vs), 1408 (vs), 1211 (vs) , 1092 (vs) cm -1; lH-NMR (CDC13 , 300 MHz, as rotamers in a ca.
N-Isobutyryl-N-methylglycine
3:2* ratio): 89.10 (b, lH), 4.14, 4.10* (s; s*; 2H), 3.13, 2.98* (s; s*; 3H), 2.87. 2.65* (q, J=7.6 Hz; q*, J=7.6 Hz; lH), 1.18, 1.15* (d, J = 7.6 Hz; d*, J=7.6 Hz; 6H) (Table VI, entry 3) : To a stirred, O-C solution of N-methylalanine (OSOOg, 4.80 mmol) in 2M NaOH (2.40 mL) was added, simultaneously, in five equal portions spaced 6 minutes apart, diisopropylethylamine (0.637 g, 0.860 mL, 4.93 mmol) and isobutyric anhydride (0.78Og, 0.818 mL, 4.93 mmol). The solution was heated to 40-C for 3.5 hr. The mixture was cooled to O-C, and acidified to pH < 2.0 with 6N H2SO4. The aqueous mixture was extracted with ethyl acetate (3x15 mL). The combined organic layers were dried (MgS04), filtered, and evaporated under reduced pressure. The oily residue was dried in vacua, and isobutyric acid was removed by axeotropic distillation in vacua with toluene. The residue was crystallized from toluenelhexanes as a light yellow solid and then recrystallized from ethyl acetate/hexanes as a colorless solid (0.137g. 17%) (O.l22g, 0.772 mmol) in dry acetic anhydride (1.38 mL) was added methyl propiolate (0.232g, 2.76 mmol, 0.246 mL). The mixture was stirted for 2.5 hr at 65'C. The mixture was cooled to room temperature,. Solvents and unreacted dipolarophile were removed in vacuu , to give the crude product as a ted oil (83 mg, 64%). Ratio of tegioisomers determined from the crude and chromatographed reaction mixture, A:B = 45:X The crude product was purifiid by column chromatography (silica gel, 2: 1 hexanesIethy1 acetate, Rf A/B = 0.75) to give a colorless oil. JR (neat): 2950 (vs), 1750 (vs) N-Formyl-N-methyl-3-methylvaline. (Table VI, Individual reactions were performed twice in order to make measurements of regioisomer ratios. Isomer ratios were obtained from averaging the NMR integrations of expanded spectral regions for three sets of peaks: 1H C-2 CH3/13CH3; 1H C-4 CH3/13CH3; 13C C-UC-4. The isomer ratio numbers all agreed to within l-2%.
The cycloaddition reactions of an intriguing bicyclic mesoionic compound with methyl propiolate and methyl phenylpropiolate have been reported: see mfetence lb. The pyrroles observed from reactions with both of these two dipolarophiles show the opposite type of substitution pattern as that found in entries 2 and 3 of Table V . This is proposed to be due to a reversable cycloaddition reaction of this particular masked azomethine ylid that can achieve a thermodynamic distribution of the intermediate structures leading to the observed products. Methyl phenylpropiolate was also the dipolarophile used with a pair of tegioisomeric mtlnchnones that gave completely tegioselctive formation of pyrmles that were insensitive 1986, 7, [385] [386] [387] [388] [389] [390] [391] [392] [393] [394] [395] . Because of our initial positve results with this system, we are now pursuing other higher level computational methods to investigate our transition state structural hypothesis.
